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論文題目 Study of proton pumping mechanisms of bovine
cytochrome c oxidase during oxygen catalytic
cycle by time resolved IR spectroscopy
「時間分解赤外分光法による牛チトクローム酸化酵素
の酸素触媒回路中のプロトンポンプ機構の研究」






























れている H-pathway と呼ばれるプロトン経路が存在し、H-pathway の末端に位置するア






らかになった。 D51 のプロトン化は、 P 状態と F 状態との間で見られ、また O 状態で
も、D51 を介したプロトンポンプを示した。これは、反応中に D51 を介したプロトン
ポンプを直接的に検出した最初の例である。他には、E242、hemea3プロピオン酸基およ
び Mg2+/H2O クラスターの動力学を観測した。 E242 および hemea3の挙動は、水生成の
ためのプロトンポンプ経路 (D-pathway)の活性化を示した。 Mg2+/H2クラスターでは、プ
ロトンポンプ用の H+の放出に伴う極性低下が観測された。































   
    
     
    
       
      
         
        
   
   
      
       
     
       
      
       
       
      
      
           
        
        
        
       
            
             
 
      
    
        
       
         
 
  
Evaluation Report for Doctoral Thesis  
Title : Study of proton pumping mechanisms of bovine cytochrome c oxidase during 
oxygen catalytic cycle by time resolved IR spectroscopy
Applicant : Chen Li
１. Abstract of the thesis
Cytochrome c oxidase (CcO) is the terminal enzyme in the cellular respiratory chain, which 
reduces molecular oxygen to water molecule. This catalyze cycle is coupled with proton
pumping across the membrane. To elucidate this proton pump coupling mechanism, observation
by time resolved infrared spectroscopy, which can measure proton transfer under aqueous
solution in real time during the reaction, is indispensable. However, in the presence of strong
absorption of water, such studies have not been carried out since very weak signals of reaction
intermediates must be measured in a short time. Ms. Li used the infrared spectrometer
measurable even in an aqueous solution developed in the laboratory, connected a flow cell
system capable of oxygen reduction reaction with CcO solution in time-resolve manner, and has
measured the intermediate states of CcO successfully for the first time.
From the X-ray structure analysis, a proton path called H-pathway which is conserved only
in mammalian CcO has been proposed for proton pumping. In bovine CcO, an aspartic acid
residue D51 located at the terminal of H-pathway is changed by redox of the enzyme and 
proposed to be the released site of the proton. Since the oxygen reduction reaction of CcO is
coupled with the proton pumping, it is essential to clarify the dynamic behavior of the
protonated carboxyl group during the reaction. Since the structural changes in these proteins can
be detected by infrared spectroscopy, Ms. Li utilized the newly developed highly sensitive time 
resolved infrared spectroscopy (TRIR) to measure protein structural changes in the oxidative
phase of the CcO catalytic cycle. As a result, the D51 was revealed to show protonation and
deprotonation during the catalytic cycle. Protonation of D 51 was seen between the P and F
states and also showed a proton pumping through D 51 even in the O state. This is the first
example to directly detect the proton pumping through D51 during the reaction. In addition, the
dynamics of E242, heme a3 propionate group and Mg2+/H2O cluster were observed. The
behavior of E 242 and heme a3 showed activation of the proton pumping pathway (D-pathway)
for water production. In the Mg2+/H2O cluster, a decrease in polarity due to the release of H+ for
the proton pump was observed.
In this manner, Ms. Li succeeded in developing the TRIR system and observed the protein
dynamics of CcO during the oxygen reduction catalytic cycle. Detailed analysis revealed the
behavior of the protein moiety of proton pumping coupling mechanism, which was previously
unknown. Furthermore, this system has the merit of being able to measure changes in general
protein structure during reaction under physiological conditions, and future development can be
expected.
   
     
      
      
     
   
        
   
      
       
 
      
        
     
     
        
        
    
         
        
  






                              
 
                          
 
                                         
 
                                           
           
 
                                        
                                       
２. Evaluation of the thesis and the final examination
Since CcO is an essential enzyme for the respiratory chain, and is one of the most important
enzymes in the energy metabolism, the researches to elucidate its function have been vigorously
promoted. Especially, the clarification of the coupling mechanism between the catalytic cycle
for the oxygen reduction reaction and the proton pumping is the most important problem. 
However, in order to elucidate it, infrared spectroscopic measurement with time resolve manner
in the aqueous solution is essential, but it has not been performed because of experimental
difficulties. This research is the first research in the world where the proton pumping of the 
oxygen reduction reaction was directly observed by combining the infrared spectroscopy device
developed in the laboratory with a flow system capable of observing intermediates during
reaction.
Accordingly, the results of this research gave a direct observation of the protein dynamics
involved in the coupling mechanism of CcO proton pumping, and showed that it is possible to
measure the dynamic process of protein under physiological conditions. This result opens a 
completely new phase in the study of the proton pumping coupling mechanism of CcO, which is
the most important basis for future research. Thus, this study is a research that clarified the most
important part experimentally in clarifying the whole picture of the proton pumping coupling
mechanism, and it can be evaluated that it is an outcome with excellent significance
Thus, the reading committee members listed below hereby state our full approval of the
thesis completed by Ms. Li in fulfillment of the requirements for the degree of Doctor os
Science in the Graduate School of Life Science.
The committee also certifies that the applicant passed the final oral examination on her
thesis and related issues held on Xxx yy in 2018.
The chief examiner : Masaru Tateno





(Professor, Cyprus University of Technology, Cyprus)


